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vim) TTOITEI, TSSTS OF EI&HT-BLAM SIIT&LS- AHD 

DtJAL-SOTATirG PP.OPZLIiERS  III TH3 TEACTOE POSITION 

37 David Biorannn and tf.  E.   Gray 

SUIHIARY 

Testa of 10-foot diar.etnr, eight-Made single- and 
dual-rotating propellers vrere conducted in the 20-foot 
propeller-resoarch tunnel as a continuation of a previous 
investigation of four- and six-Made propellorc.  The pro- 
pellers vere uountod at the front ond of e &treanline hody 
in spinners ';hat covered the *iubs ar.d part of the shp.n>s. 
Tho effect of a sj-nr.otrioe.1 wing aountod in the slipstroan 
was investigated. 
65°. 

31ado~cnglo settings ranged froc 20" to 

Tho res'.iltc indicate that dual rotation rosultod in 
gains of 1 to B porcont in officiouc;' ovor single rotation 
for oight-blado propellers, 'but t>.o prosonco of a wing 
roducel tho ge.ln 'by ah out ono-half. Also indicated was a 
groat or power absorption duo to dual rotation ovor tho on- 
tiro flight rango, and highir efficiency or thrust for tho 
rango of tako-off and clinb. 

IHTEODUCTIOIT 

A roport previously rolo&sod (roforonco l) prosontod 
results of tests of four- aad six-blade dual- and singlo- 
rotatlng tractor propellers.  Tho proscr-t roport doscrlhos 
tho ro3ults of a subsequent investigation, of oight-'blado 
• ingle- and dual-rote.tirig propellers counted in the trac- 
tor position on the sane set-up as that previously used. 
Tho effect of a symmetrical v/ing nounted in the slipstroan 
was included in the investigation as boToro- 

APPARATUS A1TD ItS^KCDS 

Inastiuch as the present investigation is a continua- 
tion of one previously nado in tho propeller-rOBOarch tun- 
nel (see reference 1), 0 dotailod description of the appa- 
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ratus and methods will not bo ropoatod horo, A short de- 
scription Is inoludod, howovor, in ordor to nn!ro this re- 
port fairly complete vrithin itself. 

Propellers.- 3oth the eight-blade single- end dual- 
rotnting propellers were nounted in fo:ir-vr.y  hubs spaced 
^T§ ^acilez  a-P-Tt (see figs. 1 and 2), thereby providing 
identical Male shanl: And spin.ier conditions.  Preliminary 
tests were r.ade to determine tho optiaur. angular dinplaco- 
nont botween tho front and roar propellor blndos for tho 
singlo-rotation taste; tho blades of tho front propeller 
were sot to load tho bl.iüoo of tho roar propeller by 75°, 
52$ , and 30 . Although the results indicated littlo dif- 
ference between these three spr.cings, tho 52g  spacing was 
oonsidored tho >eet. Equr-.l spacing of 4C° was not possible 
owing to a limitation imposed by the thaft Bjilino. 

Tho blf.ctos used for tho prcsont investigation wore the 
sane ns previously testet", nanely, Kr.silton Standard 3155-6 
and S15S-S, right-hand and left-hand, respectively.  Blnde- 
forr. curves are given in figuro 3.  Clarl: 7 sections fire 
Incorporated throughout. 

ffest conditions.- Because of the Uniting tuttnol 
speed (approxluntoly 110 npfc) and the Uniting power of 
the drivo r.otors (two 25 hp electric rcotore), the Reynolds 
nunoor and tho tip spood vero considerably lower than 
those experienced in flight. Che nnxiaun propeller speed, 
which was 550 rpu, was obtainable only for the low binde 
angles and tho low V/nD range of tho toots. The tip 
spood, consequently, was bolov; 300 feet por socond, and 
thus tho offoct of compressibility could not bo uoaiurod. 
The Keynolds nur.ber of tho 0.75H section was only of the 
order of one million.  Tho effect of Eey;iolds nunber was 
not critical within tho range of tho tests aa  the effect 
of changes between one-half r-illion and one nillion could 
not be r.or.nurod. 

The loft-hand (front) propeller was sot at even vnl- 
•uos of blade Dotting for the dunl-rotntion tests. Tho 
right-hand (roar) propeller was sot to absorb tho Baue 
power as tho loft-hand propellor for only tho poalc offi- 
oioncy condition. A plot of tho an^lar difforonco botwoon 
tho right-hand and tho loft-hand propollcr-blndo settings 
is eivon in figuro 4.  Tho spcid of tho right- and tho 
loft-hand propollcre was naintainod oqual throughout tho 
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toats. Tho tost proeoduro was tho anno tvs that usod for 
provioua investigations in this tunnol. 

RESULTS Aim 3IS0USSI0H 

Tho noaaured values havo toon rodueod to tho usual 
eoofficlon$s of thrust, powor, and propulsive offioioncjr, 

„    offoctivo thrust 

p n D 

engine •oowor 

P »J 

whore tho offoctivo thrv.st is tho noaaurod thrust of tho 
propeller-body opn'jination plus tho drag of tho body 
aoasurod separately. 

D propeller diaaeter, feet"' 

•• ' ' n propeller rotational speed, revolutions 
per -second 

p nass density of the air, slugs per cublo' foot 

'"' These eoefficienta vere plotted against  T/nD. . The 
results are given in täe foilowing figures: 

•figures 

5-7 

ff - 11 

13 - 15 

Charaetoristie curves for eight-blade propollor, 
single rotation without vlng 

.Characteristic curves for eight-blade propeller, 
dual rotation without wing 

Characteristic curvos for oight-blado propollor, 
single rotation with wing 
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Figur«e 
(cont.) 
IS - 20 

21 

22 - 23 

24 - 25 

26 - 27 

26 - 29 

30 - 32 

33 

Characteristic curves:for eight-blade propollor, 
dual rotation with wing 

Batlo of power coofficienta por bladQ for oight- 
anfi throo-blado propoliors 

Characteristic curve comparisons showing offoct 
of snail variations in roar "olado-onglo sot- 
ting 

Sffloionc;- onvolopo comparisons for cight-blado 
propoliors 

Efficiency onvolopo comparisons of four-, six-, 
and oight-blado propollors 

Inorononts of officioncy roeulting fron dual 
rotation 

Effoct of dual rotation or. örficionejr .for con- 
stant powor cooffioio-nts 

Effoct of dual rotation on thrust 

The general characteristics of eight-blade single— 
and dual-rotating propellers,- shown in figures 5 to 20, 
indicate that the principal effect of the increased solid- 
ity over thr.t for the four- and six-blade propellers re- 
ported In reference 1 was increased total pover absorption 

• with little loss in blade efficiency. 

Efföct of dual, rptatlon on totr.l now'ai absorbed.- Of 
particular interest is the fact that the dual-rotating 
propellers absorbed appreciably core power than did the 
single-rotating one, ?.s ".ay bo noted ir. figures 16 to 19, 
wherein the characteristic curves obtained for several nn- 
glo settings for cinglo rotation aro suvjorl-'.poscd on those 
for dual rotation.  Shis incror;SO.". -jovor  absorption nay bo 
accounted for by the fact that the front propollor intro- 
duced a rotational component to tho slipstream, which in- 
croasod the resultant volocity over the rear propeller 
blades.  This rotational component is jreatost when the 

. tola*.* elements neet the relative air with the greatest an- 
gles of attac!:, so the effect vaa ::ore noticeable at low 
T/nD  values than, for the hish V/rJ)  values.  Shis in- 
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creased power-Absorption characteristic of dual-rotating 
propolisre is one explanation for their resulting superior 
ta!:e-o.ff qualities, owing to the fact that for this condi- 
tion the pitch is reduced to a lover value than for single«- 
rotating propellero. 

A conparison is .".ado in figure 21 wherein the power 
absorbed at.per.1; efficiency per binde, relative to that 
for the blades of a three-blade propeller,.is presented 
for both single- and dual-rotating propellers.  This plot 
indicates that the effectiveness of each blade of the dual 
propeller in absorbing power was substantially ".ore than 
that for a siüglo-rotating propellor; tho individual blades 
of an eijjht-blado dual propollor absorbed approximately 87 
percent as :.:ucl. power as oach blado of e.  thrco-blado single 
propeller, as cor.pnred to only 80 percent for an eight- 
blade single propeller. 

Bffoot of dual rotation on -power 
peller.— She dual-rotation tests wore 
rear propeller set at a slightly lower 
one in order to eoualize the power for 
condition.  She rear propeller absorbe 
front one at lower  V/nD  values than 
ciency.  A few tests ware r.iado to dote 
tings of the rear propeller necessary 
power absorption; the results of these 
figures 22 and 23.  Whether there is 
vantage in equalizing the power of the 
tho tako-off and cliabits conditions o 
dotorninod fron thoso tosts bocauso di 
parisons cannot be nado on a basis of 
tion. 

absorbed by. rear pro- 
conducted with the 
angle than the front 
the peak efficiency 

d :.ioro power than the 
those for peak effi- 
rnine tho blade set- 
to produce equal 
tests are shown in 

ny aerodynamic ad- 
two propollors for 

f flight cannot bo 
root efficiency con- 
equal power nbsorp- 

JBavolo-po offlciency conaarisons.-  "he sane general 
improvement in efficiency due to dual rotation may be noted 
in figure 24 for the eight-blade propellers as for the 
earlier tests of four- and six-blade propellers.  The gain 
in efficiency duo to dual rotation, without the wing, 
.ranged from about 1 to 8 percent, depending upon the blade 
angle or  V/nD,  which is somewhat greater than that meas- 
ured in the four- and six-blade tests.  Tho gains were 
somewhat less with the wing in place, owing to its offect 
in reducing tho rotational losses for the single-rotating 
propellor.  The wing appeared to have a slight beneficial 
effect on tho dual propellers, as may be noted in figure 
25.  This sane effect, which ie not easily accounted for, 
was also indicated in the earlier tests of the four- and 
eix-blado propellers. 
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In figures 26 
-turves for. the pre 
' for.'four- and six- 
1. for comparison, 
lidlty for single 
ure 26(a), was to 
the  V/nD  range. 
raising fche'effici 
lers, particularly 
.26(b);)  The-lossi 
the solidity was g 
single rotation, a 
particularly for t 

'ana- 27 are shown the envelope efficiency 
sent eight-blade .propellers and curves 
blade propellers, obtained fron reference 
"he general effect of increasing the so- 
rotation without the wing, shown in fig- 
reduce the efficiency a few percent over 
The presence of the wing resulted in 
ency of all these single-rotating propol- 
those of highest- solidity.  (See fig. 

n' efficiency-resulting from increasing 
onerally less for dual rotation than for 
9 cay he noted from figures 26 and 27, 
ho condition without wing. 

It should he pointed out that envelope efficiency com- 
parisons for propellers of different solidity are core of an 
academic interest than of practical vrlue Because of the 
fact that the power absorption is different for different 
solidities.  Such comparisons provf.de a sea sure of blade 
efficiency, or the effect of blade interference.-. From en- 
gineering design considerations the comparisons should be 

..made on the basis of constant power.  Such comparisons of 
solidity are provided in reference 2. 

•The effects of dual rotation.on the peak efficiency, 
for four-, six-, and eight-blade propellers are summarised 
in figures 23 and 29.  Although the results are not of 
sufficient accuracy to define differences in efficiency 
.lesEthan 1 percent, they.show, in general,, that the gain 
arising from dual^rotating propellers increases with th.e 
blade ajigle or V/n3,  and also with propeller solidity. 

,!Phe gains were somewhat greater for the condition without 
the wine; than with the wing (7 percent as compared vjith '4j 
percent, for T/nD  of 5.0, eight-blade propeller.) 

. Sfficioncy and thrust comparisons .?t conctaat p,owor.- 
Inasrvuch, as the dual-rotating propellers absorbed somewhat 
;more power at tho satfo blado sotting than thj single-' 
rotating propollors, tho of foot of dual rota.t.iori on effi- 
ciency should bo based on oqual pov.-or absorption.. .Compar- 
isons aro aado.in, figures 30 to -32 for  Cp  values of 0.2, 
0.4i   and 0.5.  Substantial gains in efficiency may bo n-oted 
for tho. entire oporating range, particularly for the ta'ko- 

• off condition of propöllors operating at high valuos of 
Cp-, '2hO:so .officiency gains aro translated into thrust 
gains' in figure 33.  Tako-off thrust gains up to .20 pcr- 
•:COnt aro >indicated for "dual propollors operating at a power 
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coefficient of 0.6; so mo what lose for lower power cooffi- 
clonts. This increased thrust may ho aecountod for partly 
•by tho fact that duel-rotating propollora ahsorhed noro 
power than single-rotating onos as montioaod heforo and., 
consequently, tho hiade-anglo settings for tho d\ial pro- 
pollors yoro conputod to he soaowh&t lovror than for singlc. 
rotatln,?'propellers; particularly for tho ta>o~off r.nd 
clinh conditions.  ?hls lovor hlado-angle setting results 
in greater thrust for a given power output, owing to tho 
higher lift-drag ratios of tho elements.  Also vlth dual 
propellers the losses: due to slip3trean rotation are great- 
ly reduced and perhaps eliminated, which accounts for a 
large percentage 6f the gain in efficiency. 

C0"CIAIS:0ES 

The general effects of dual rotation on propeller 
characteristics) found in previous tests of. four- and six- 
Hade propellers were similar, hut were »ore pronounced 
in the present Investigation of eig'it-Dlade propellers. 
These effects are listed, core specifically in tho follow» 
lag conclusions relating to thö present investigation. 

., . 1« .The. peal: efficiency of an oight-hlade dual- 
rotatihg pr>poller wa3 found, to "oo fron 1 to 8 percent1 

higher than that for a "corresponding single'-?otatir-g pro- 
peller,' Tho gain in efficiency dopöndöd upon, tho hiado- 
anglo sotting, tho higher t'.-io setting tha greater tho gain, 
up...{be-a liul.ting tost oln.do-anglo of 65 . 

2. The proconoo of a wl~.g in the slipstream, ir.provod 
the officioncy of tho single-rotating propol'lor aoout half 
as much as was ohtainad hy acar.s of dual rotation. 

3. An oifiht-'jla-'.o dual-rotating yropollor VF.S found 
to ahsorh suhstantlr.lly noro yower at ycate offlcionoy than 
an oight-hlado singlo-rotatlng propeller; tho effect was 
oven »ore pror.ouv.cod at tp.lco-off and clin'oir.g conditions. 

4. An oight-Dla&o dual-rot at ir.g propeller was found 
to he substantially Korc offieiont for tho tako-off condi- 
tion of flight than an olght-hlc.de singlo-rotatlng pro- 
pallor, prrticul&rly for conditions of operation at high 
powor coofficionts. 
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Figure 4.- Difference in blade angle for equal torque 
at peak efficiency for, eight blades, dual 
rotation. 
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Figure 21.- Satio of power absorbed at peak efficiency 
per blade for eight-and three-blade pro- 
pellers. With wing. 
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